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THE WHITEFISHES 


(Coregonus clupeaformis ) 


REARED IN THE NEW YORK AQUARIUM 
By IDA M. MELLEN 


New York Aquarium 


The New York Aquarium is showing a unique. exhibit of 
whitefishes (Coregonus clupeaformis) hatched in the Aquarium 
in January, 1913; unique in that no similar exhibit ever has been 
seen there or anywhere else. Once or twice whitefishes were 
reared in the Aquarium to the age of a month, and once to the 
age of a year; but those now on exhibition—nine years old at the 
present writing—are the only whitefishes: ever reared in cap- 
tivity from egg to maturity. They are the survivors of a few 
hundred specimens retained from the fry that hatched out of a 
consignment of a million eggs received in December, 1912, from 
the United States Bureau of Fisheries. The eggs came from 
western Lake Erie waters, and were shipped from the fisheries 
station at Put-in-Bay, Ohio. The remainder of the fry were dis- 


tributed to state waters of northern New York and New Jersey. _ 


By checking up our findings with those of other observers, 
we have learned some interesting facts about whitefishes, the 
probable age when they arrive at sexual maturity, their longevity, 
ete. As ours are the only fishes of this species in existence the 
* age of which is positively known, certain biologists engaged in 
the study of lepidology (the scales of fishes) have been provided 
with scales from the Aquarium specimens, whitefishes being one 
of the species in which the age is written in concentric rings on 
the scales. Of the various kinds of scales in fishes—placoid, 
ctenoid, cycloid, ganoid or rhomboid, etc.—those which char- 
acterize the whitefish are of the cycloid type, 7. e., thin, rounded 
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scales, having concentric rings as just described, and with no 
spiny projections. 


A cycloid scale strongly reminds one of a finger print. It 
has its central whorl, called the focus, which starts the series of 
concentric rings, called circuli, and there are lines of radiation 
called radii. But unlike the finger print, groups of the circuli 
are marked off in definite dark and light bands, two such bands 
representing one year of the fish’s life. That is, there is a large 
area of light summer bands and a small area of dark winter 
bands or annuli, growth being more rapid during the months 
when temperature is higher and food more abundant. 


Dr. Jacob Reighard’s assistant in the Department of 
Zoology, University of Michigan, Mr. John Van Oosten, who is 
also in the employ of the United States Bureau of Fisheries, 
made a study of whitefish scales from our Aquarium specimens. 
One dead fish and three scales from a live fish were sent him 
each month for twelve months, in order that he might observe 
progressive changes in the scales of specimens the age of which 
was known, though it was not to be supposed that fishes that 
had spent all their lives in captivity, with limited swimming 
space and little variety in their food, would compare favorably 
in development with wild fishes. The method followed in remov- 
ing the scales was suggested by Mr. Van Oosten and consisted in 
segregating two specimens, removing scales from one fish one 
month and from the other the next, thus giving each fish a rest 
of two months between operations. The scales were removed 
with a small forceps. 


Whitefishes are so fragile that they are sometimes killed 
merely by transference from one tank to another, or by an acci- 
dental stroke of the brush when their tank is being cleaned. It 
was therefore with some trepidation that the writer commenced 
this series of very delicate operations. The first specimen oper- 
ated on died within fifteen minutes; but this tragedy was never 
repeated. All subsequent operations were made on specimens 
held by the head and tail in-a shallow pan of water, the gills 
being kept continually moist, and great care being taken to 
remove scales not too near the lateral line (in fact, all scales 
were removed from a spot about half way between the lateral 
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line and the back, the section anterior to the dorsal fin being 
selected) ; also to remove them rapidly and apply a strong solu- 
tion of permanganate of potassium at once to the injured spot, 
returning the fish quickly to the tank. The operation always 
exhausted the fish and it would lie quite still while the perman- 
ganate was poured on. When returned to the tank it floated on 
its back, breathing hard for a few minutes, then gradually 
equilibrated itself and recovered. 


Mr. Van Oosten found that the scales of the Aquarium 
whitefishes revealed the stunted growth of the specimens in the 
growth of their circuli, but by experience he gradually learned 
that by selecting scales of a certain shape, he would obtain scales 
which showed the annuli or year-rings so clearly that any inex- 
perienced person could read them with ease. In fact, he had 
various such people read the scales though they knew nothing 
about the age of the fish from which the scales were taken. He 
found that while the circuli are formed throughout the year, the 
annulus is truly a winter-band, being formed only during the 
winter months, 7. e., after October. All of which is explained 
in detail in his paper here published. 


So many of these notable whitefishes died in 1921 that it 
was imagined they might have lived the natural span of: their 
existence; yet they had never been observed to spawn. It was 
hinted that they must have done so and the eggs had been eaten 
so fast that no one ever saw them; but Mr. Robert J. Lanier, of 
the Aquarium staff, to whom belongs the honor of having reared 
these fishes, has kept watch over them all their lives and was 
entirely certain that they had never spawned. Was it possible 
that captivity prevented them from attaining sexual maturity? 
If so, the case was a unique one. 


In January, 1922, when the fishes were exactly nine years 
old, females were observed swollen with eggs which, however, 
lacked vitality to such an extent that they could not be fertilized! 
_ Were these whitefishes reaching sexual maturity and their 
natural span of life at the same time? It seemed impossible. 


The writer knew of only one way to solve the riddle. Dr. 
Wilbert A. Clemens, of the Department of Biology, University 
of Toronto, who had also received some scales from the Aquarium 
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specimens, had studied the scales of wild whitefishes. Perhaps 
he had found some that were older than ours! We wrote him 
about the eggs, their lack of vitality, the supposition that nine 
years might be the natural term of the life of the fish, etc., and 
asked if he had ever found a wild specimen more than nine 
years old. 


His answer, as the following quotation from it shows, was 
fraught with interest: 

“TI have indeed taken whitefishes much older than those 
you have at the Aquarium. I spent last summer on Lake 
Nipigon and according to my records the largest whitefish 
we took was twenty-one and a quarter inches in length and 
was at least sixteen years old. I have records of two others 
about twenty inches in length, which I have recorded pro- 
visionally as sixteen and seventeen years old, but possibly 
eighteen or nineteen. 

“We do not know as yet at what age whitefish first 
spawn. In Lake Erie I suspect it occurs at the end of the 


fifth or sixth summer. In Lake Nipigon it probably occurs © 


considerably later. On November 11 of last year I received 
from the spawn-takers on Lake Nipigon four whitefish which 
they said were the smallest they had taken spawn from. 
These were scarcely fifteen inches in length and were nine 
and ten years of age. So it may be that the whitefish in the 
Aquarium are just reaching the spawning age, and although 
the eggs are few and weak this year they may be normal or 
nearly so next year. It will certainly be interesting to see 
what happens.’ 

Mr. Van Oosten’s paper describes the condition in which he 

found the sex organs of the Aquarium whitefishes. 


This species of whitefish normally attains a length of two 
feet or more, but none of the specimens in the Aquarium meas- 
ures more than fifteen inches. We have not infrequently 
observed that fishes and even snails are stunted by captivity. It 
is known, however, that fishes do not always stop growing when 
they reach sexual maturity or decline in years, many continuing 
to grow as long as they live; and we believe that these whitefishes 


are still growing, though they probably never will be of normal 
S1ze. . 
\ 

1In December, 1922, when the fishes were nearly ten years old, a female was 


again observed carrying eggs. She was stripped and th : : 
were weak and did not develop beyond thecmoritia ere, rare et ata vd 
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The last time these specimens were counted was in 1919, 
when they were transferred from one tank to another and num- 
bered two hundred and sixteen. They have dwindled to about 
eighty-four, and it is hoped that we may some day be able to 
repeat the remarkable feat of rearing some to maturity from 
the eggs—a feat many times attempted both at the Aquarium 
and at Government hatcheries, but only once performed. 


Jordan and Evermann (Fishes of North and Middle 
America) state that the common whitefish (Coregonus clupea- 
formis) “is subject to considerable variations, dependent on food, 
waters, etc.’”’ The food of fishes is indeed a factor of so great 
importance in their growth and development that breeders of 
fancy varieties believe the food controls not only the size and 
health of the fish, but the actual shape and beauty of its fins. 
Like other vertebrated animals, they require, for perfect devel- 
opment, foods that are both nourishing and bone-building. 


In a state of nature infant whitefishes, judging from those 
in the Aquarium tanks, remain near the surface for a time, their 
first food consisting of plankton—live floating matter of both 
vegetable and animal character: protozoa, diatoms, minute crus- 
taceans such as the young of the shrimp (Gammarus) and water 
fleas (Cyclops, Cypris, Daphnia), etc. Later they subsist entirely 
on minute crustaceans of these and other species. In the earliest 
period of their lives, after the absorption of the yolk sac, Dr. S. 
A. Forbes, of Illinois, has observed that the fry are provided with 
four curved teeth in the lower jaw, which are of no possible 
service and are subsequently lost. 


Gradually they descend to the bottom for food, and there, 
according to those who have examined the stomach contents of 
adult wild specimens, they feed on small live invertebrates, prin- 
cipally crustaceans, snails, insect larvae and water beetles. 


The crystalline gray-whiteness of mature whitefishes is 
exceedingly attractive to the eye, and the specimens in the New 
York Aquarium have long furnished one of its most pleasing 
exhibits for the casual visitor, as well as one of its most im- 
portant economic exhibits for the fish culturist. This species of 
_ whitefish is not only the largest, but the most delicate in flavor 
of all the whitefishes of the Great Lakes. 


The Aquarium specimens have never known the excitements 
of wild life, or what it means to hunt or be hunted. 


New York Aquarium, April 1922. 


I. 


Il. 


III. 


if 
2 
Pe 
“fs. 


INTRODUCTION. 


Description of a Typical Whitefish Scale. 

Scale Method and Its Application to Life History Work. 
Assumptions of the Scale Hypothesis. 

Summary of Literature. 

Statement of Problem. 

Description of Apparatus and Method Employed. 
Acknowledgments. ; 


kee e 


New YorK AQUARIUM WHITEFISH SCALES. 


1. Annuli and Number of Winters of Life. e. | 
2. Marginal Growth and Time of Formation of Annuli. 


3. Correlation between Annual Growth in begat! of Body 4 
and Scales. 


2 


‘Tire HISTORY OF AQUARIUM WHITEFISH AND Factors OF | : 
Pel ANNULI FORMATION. eee 


a Sees 
5 - 5 a 
Food. bie d . Sie Ay 2 \ fae 37, & — 
Temperature. So Saeed ~ Sagtld SS 2 aa 
We ce 4 ad 


Sane eee and ae ae 3 SS x 


BGs 


Volume II, Number 17 


THE WHITEFISHES 


(Coregonus clupeaformis) 


A STUDY OF THE SCALES OF WHITEFISHES OF 
KNOWN AGES? 


By JOHN VAN OOSTEN 
Field Assistant, U. S. Bureau of Fisheries. 


INTRODUCTION. 


During recent years many investigations of scientific and 
economic importance have been conducted on the age and the 
rate of growth of fishes as determined from a study of their 
scales. This has involved the interpretation of certain rings 
found on the exterior surface of scales. 

In order to illustrate clearly the mode of the formation of 
these rings, Fig. 1387 is presented. It represents a typical scale of 
a whitefish, 197 mm. in length, captured October 22, 1917, at 
East Tawas, Mich., on Lake Huron. Near the center of the scale 
is a small, clear area, the focus (F), which represents the 
original scale in the young specimen. Around this focus are 
numerous, more or less relieved striations, concentric or nearly 
so with the margin. These are termed circuli (C) and like the 
rings in a tree mark successive stages in the growth of the scale. 
- Running from the focus to the periphery of the scale are four 
more or less conspicuous radiating ridges (AR, PR), which 
divide the surface of the scale into four roughly triangular areas 
or fields. When the scale is in position in the fish the area to the 
right in the figure is directed towards the tail and is therefore 
designated as the caudal or posterior area (Caudal). The area 
opposite the caudal is the anterior (Anterior), while the two 
areas which separate the caudal from the anterior are the lateral 
or the dorsal (Dorsal) and the ventral (Ventral). The borders 
. of these four areas which form the periphery of the scale are 
accordingly termed the caudal, anterior, dorsal and ventral 


2Contribution from the Zoological Laboratory, University of Michigan, 
published with the permission of the U. S. Commissioner of Fisheries. 
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borders. The radiating ridges are either antero-lateral (AR) 
or postero-lateral (PR). The greatest antero-posterior diameter 
which bisects the caudal area of the scale is its length (L-L). 


By careful examination two distinct zones may be seen in 
this scale, an inner characterized in general by more closely 
spaced lines and an outer in which the lines are further apart. 
The two zones are more readily seen when the figure is viewed 
from such a distance as to somewhat obscure the details. The 
inner zone represents, according to current theory, the entire 
growth of the first year, while the outer zone represents the 
growth of the second summer. If the lines of growth in the 
lateral field be followed from the center outward and downward 
along the antero-lateral ridge, it may be seen that the first twenty 
are complete and uniformly spaced. With occasional breaks and 
irregularities they may be traced entirely around the scale. The 
next six are incomplete and the outermost of them ends (or 
begins) near the antero-lateral ridge. Following this last in- 
complete line to the anterior field, a region is encountered within 
which the individual circuli can no longer be traced with cer- 
tainty, for they are less distinct, much broken, anastomosed and 
closer together. This zone of faint, approximated and much 
broken circuli, when contrasted with the preceding and succeed- 
ing areas of strong, complete and widely spaced circuli stands 
out as a rather sharply defined band. This band may be traced 
around the whole scale and is perhaps better defined in the 


posterior field where it appears as a lighter zone with very little 
detail. 


To account for these structures, it is contended that the 
completed and comparatively widely separated circuli are 
formed during periods of rapid growth, the incomplete lines 
during periods of decreased growth, and the short, weak, much 

broken lines during periods when growth has nearly ceased. 
As the cessation or retardation of growth is thought to occur in 
the winter, the much broken area is accordingly designated as a 
winter-band or annulus (A). 


When the scale resumes its growth in the spring a complete 
circulus is again formed which in the process of uniting, as it 


were, the incomplete lines bends sharply at the antero-lateral — 


ridge. This circulus is considered the limit of the annulus it 
encloses and is so employed in the measurements of scales. 


The twenty-five circuli of the second summer, in this scale, 
are much more widely separated than those of the first, which 
_ Indicates a much more rapid growth during the former season. 


— 
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Of these twenty-five circuli the last five or six at the margin are 
incomplete, which indicates the occurrence of a retardation in 
growth. No approximation of the circuli is yet visible, nor is 
there apparent the area of weak and broken lines. A complete 
cessation of growth has not yet taken place. This conclusion 
appears to be reasonable as the specimen was caught in October 
preceding the period of low temperatures when growth is greatly 
retarded or ceases altogether. 


The foregoing account of the mode of formation of annuli 
is accepted by the majority of those investigators who make use 
of scales in determining the lengths and rate of growth of fishes. 


The application of the above hypothesis to the study of the 
life-histories of fishes is a simple matter. By enumerating the 
annuli on the scales, the age of the individual is determined in 
years. Thus the specimen whose scale (Fig. 137) illustrated the 
method of growth is found to be at the end of its second year. 
The length of an individual at the end of each successive year 
may also be ascertained from its scales. Given the total length 
of the fish and of one of its scales and the length of that part of 
this scale included in an annulus formed during a given year, 
the total length of the fish at the end of this given year may be 
computed by the following formula in which the third term is 
the unknown: 

length of scale formed at end of year X _ 
total length of scale 


length of fish at end of year X 
length of fish at the time of capture. 

Repeating this formula for each year of the fish’s life, the 
lengths attained at the end of the several years are calculated 
and by a simple subtraction the increments of growth for each 
year are determined. 

The soundness of the scale method of determining the length 
of a fish at successive years of its life and its annual growth 
increments depends on the validity of the following propositions : 

1. That the scales remain constant in number and identity 

throughout the life of the fish. 

2. That the annual increment in the length (or some other 

dimension which must then be used) of the scale main- 
tains throughout the life of the fish a constant ratio 
with the annual increment in body length. 


3. That the annuli are formed yearly and at the same time 
-each year. 
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Incidentally the following questions are raised, but the 


validity of the scale method of computation is not affected 


by them: 
4. Whether the annuli represent periods of retarded or 
arrested growth of the scale. 
5. Whether the growth of the fish in length is retarded or 
arrested at the time of formation of the annuli. 


6. What factors are responsible for the arrest or retarda- — 


tion of growth in fish and scales. 


Considering now the first three propositions listed above, it 
is believed that the first two are fairly well established and that 
the last one forms the crux of the whole problem. If the age of 
a fish can be determined with certainty, the establishment of the 
validity of the third proposition becomes a comparatively easy 
matter in a group of fishes whose scales show growth rings. 
Indisputable evidence of a correlation between the number of 
annuli on the scales and that of the years of life of their bearer 
can only be obtained by observation on fish of known age in the 
field and in the laboratory. And the value of the results rises 
with the number of years for which this correlation is found 
to exist. 


An extended review of the literature is reserved for a later 
paper. Here I indicate briefly the chief differences of viewpoint. 


Both Hoffbauer (1898, 1899, 1901) and Walter (1901) 
believed that the age-hypothesis does not hold for carp older 
than four years. Likewise Brown (1904) and Tims (1906) 
contradicting Thomson (1904) held the scale method entirely 
unreliable as applied to the Gadidae. Even Thomson concludes 
from his experiment that a well-fed whiting may pass the winter 
without forming an annulus on its scales. Arwidsson (1910) 
concludes from his study of a series of salmon, 4 to 36 months 
old, that the completion of the first annulus does not occur at a 
definite time of the year nor at a definite age, but only at a 
definite length of the fish, viz., at 60 mm. Masterman (1913) 
asserts that it is a well known fact that the otoliths or “ear- 
stones” often used for age-determinations cease growing in the 
plaice after 6 or 7 years, and that scales also are unreliable after 
the first 4 or 5 years, though the latter statement is questioned 
by Hutton (1914). Likewise Scott (1906) expresses the opinion 


that otoliths do not show the exact age of their possessors. Many 


other authors may be quoted as opposing the age-hypothesis, but 
an Dena hine majority assume the validity of the theory and 
apply 1t. . 


« 


w 
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Much diversity of opinion exists as to the relation between 
the formation of annuli and the growth of scales and body. The 
majority of students believe that the annuli are due to seasonal 
variation in body growth, that they correspond to retarded 
growth; but Cunningham’s (1905) observation and Cutler’s 
(1918) experiments contradict this view in part, while Taylor 
(1916) denies such a correlation entirely. 


Much controversy also obtains relative to the factors gov- 
erning the formation of annuli. According to Hoffbauer (1898, 
1899), Thomson (1904), Fraser (1917) and others food is the 
primary factor and not temperature. Taylor (1916) and Cutler 
(1918) conclude from their experiments that food is not the 
factor involved. Fraser (1917) holds that neither salinity nor 
density nor temperature has any factorial significance, while 
Cutler (1918) believes that temperature alone is causative. 
Rich (1920) refers to the factor as “a changed environment,” 
Jacot (1920) calls it “migration,” while in the case of some trout 
and salmon the later annuli correspond to a spawning and con- 
sequently are transformed into “spawning-marks.” 


Masterman (1913) wrote, ‘‘Experience shows that each 
species of fish must be investigated separately by the method 
best suited to it,” implying that the establishment of the validity 
of the hypothesis for one species does not necessarily make it 
applicable to other species of fish. 

The scales of the whitefish (C. clupeaformis) have never 
been critically studied. During the course of an extended investi- 
gation of the scales of the Coregonine fishes of the Great Lakes, 
the writer was fortunate in obtaining scales of this species of 
known age—nine years. This material forms the basis of an 
attempt to test the underlying assumptions of the scale method 
of computation as applied to this species. It also is believed to 
throw light on the relation between annuli and rate of growth; 
while the accompanying data permit a discussion of the environ- 
mental factors involved in annulus formation. 


Here I wish to present a brief description of the apparatus 
used for the measurement of scales, as my method differs from 
those ordinarily employed. The instrument is constructed on 
the principle of a photomicrographic apparatus in which the 
‘image is projected on the ground glass. The apparatus consists 
of a rectangular wooden frame, 14 inches square and 34 inches 
long. Into one end of the frame is fitted, flush with the exterior 
surface of the frame, a piece of ground glass, 12 inches square. 
A tapering bellows made of ordinary chart cloth painted black is 
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attached to the ground glass end of the frame. The bellows 
when fully stretched extends about three-fourths the length of 
the wooden frame. The tapered end of the bellows is attached 
to a small square wooden frame into which is tightly fitted a 
wooden block in the center of which a hole large enough for the 
insertion of the microscope tube is bored. When the apparatus 
is used in the vertical position the microscope is simply placed 
beneath and extended into the bellows. It is much easier to use 
this instrument in the horizontal position. In this case the micro- 
scope stand is attached to a board at the base of the wooden 
frame (the end opposite that into which the ground glass is 
fitted) and the microscope tube drawn into the horizontal posi- 
tion. The open base of the frame is then covered with a sheet of 
black paper into which-a hole is cut so as to allow the light to 
enter the condenser of the microscope. A special Bausch and 
Lomb lamp with a 108-Watt bulb furnishes the illumination and 
is placed about two feet from the base of the frame. A special 
aspherical condenser accompanying the special lamp is used in 
the place of the ordinary condenser. The light concentrated 
upon the hole in the black paper passes through the condenser, 
microscope tube and bellows, and projects the scale upon the 
ground glass. 


A mechanical stage is always used. To each adjustment 
‘ button of the mechanical stage is attached, by means of a uni- 
versal joint cut from a piece of tin, slender wooden rods which 
extend a little beyond the ground glass end of the frame. In 
a similar way another rod is attached to the coarse adjustment 
screw of the microscope. By means of these rods the scale can 
be moved into place and properly focused from the ground glass 
end of the frame. The projected scale is measured with an 
accurate wooden or transparent millimeter rule which is held in 
place against the ground glass by two strips of steel, four of 
which are screwed on the wooden frame, one at each corner. To 
facilitate the counting of the circuli of each scale an ordinary 
reading glass is used. The whole apparatus is placed upon a 
long table and may be covered with a black cloth. No dark room 
is required as the lamp is strong enough to project a clear image 
on the ground glass in a room illuminated by electric lights ; 
during the day the curtains of the room must be drawn. 


The advantages of this method of scale reading over those 
which use the camera lucida, ocular micrometer or micrometer 
eyepiece are many. In the first method the scales can be highly 
magnified without any part being lost to view as is the case in 
the microscope tube; the circuli and the distances between the 
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annuli of such highly magnified scales can be more accurately, 
more quickly, and more easily enumerated and measured; and, 
if the illumination is properly adjusted, scale work can be done 
with much less straining of the eyes. 


When the apparatus is used in the horizontal position it is 
necessary that the scales be mounted in a stiff medium. Each 
scale is therefore cleaned in water with a small bristle brush and 
mounted in a medium of glycerine to which has been added 
filtered gelatine and a little carbolic acid. The glycerine and 
gelatine are mixed in such proportion that the solution will 
stiffen immediately upon cooling. When in this medium, the 
scales can be stored as permanent mounts and can also be photo- 
graphed. The photomicrographs (Figs. 137-142) are of scales 
mounted in a gelatine-glycerine solution. 


I wish to express my appreciation to Dr. Charles H. Town- 
send, the Director, and to Miss Ida M. Mellen, the secretary and 
scientific assistant of the New York Aquarium, through whose 
kindness and efficient cooperation I have been able to obtain the 
whitefishes and scales for this work. These whitefishes, the only 
ones known to have been reared in captivity, form a valuable 
exhibition at the Aquarium so that it has been no small sacrifice 
to part with even a few of them. I am also indebted to Dr. 
Walter Koelz of the U. S. Bureau of Fisheries who has kindly 
given me access to his field data and manuscript on the Core- 
gonine fishes of Lake Huron. I would further express my obli- 
gations to Prof. Jacob Reighard, who read the manuscript and 
generously gave assistance in the course of the work. To Mrs. 
Alvina M. Woodford, of the University of Michigan Library, I 
am indebted for many valuable suggestions pclatve to the pho- 
tographing of the scales. 


NEW YORK AQUARIUM WHITEFISH SCALES 
ANNULI AND NUMBER OF WINTERS OF LIFE 


Twenty-seven preserved specimens of the Aquarium white- 
fish, hatched January, 1918, were received. These had died (or 
had been killed) at intervals between August 13, 1920, and 
January 3, 1922, as shown in Table I—a period of sixteen months. 
The fish received had died (been killed) during every month of 
’ the year except November. The lengths of each specimen at 
the time of death is shown in column K of Table I and is fol- 
lowed by the formula which indicates the sex and the condition 
of the sex organs (see p. 403). The remaining entries in Table I 
are calculated values and will be referred to in another place. 
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Fic. 137. Typical scale of Lake Huron Whitefish (Coregonus clupea- 
formis Mitchill) from East Tawas, Michigan. Length of fish, 197 mm., 
captured October 22, 1917. L-L, length of scales Eetocussa@: ‘cireuli; As 
annulus of first winter; AR, antero-lateral ridges; PR, postero- lateral 
ridges; Dorsal, Ventral, Anterior, Caudal border and area. "K-25. 
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Scale of New York Aquarium Whitefish (C. clupeaformis) 
M No. 


Fig. 188. 
hatched January, 1913; killed December 1, 1920. U. of M. Museum No 
54507; Male, 265 mm. long, 7 years, 10 months old. Scale shows 7 com- 


pleted annuli and a marginal growth. X-22. 
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Fic. 139. Scale of New York Aquarium Whitefish (C. clupeaformis) 
hatched January, 1913; killed April 28, 1921. U. of M. Museum No. 54513; 
Male, 278 mm. long, 8 years, 3 months old. Scale shows 8 completed annuli, 
the eighth at the margin. X-18. 
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Fig. 140. Scale of New York Aquarium Whitefish (C. clupeaformis) 
hatched January, 1913; died July 13, 1921. U. of M. Museum, No. 54516; 
Female, 282 mm. long, 8 years, 5% months old. Scale shows 8 completed 
annuli and a marginal growth. X-18. 
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Fic. 141. Scale of New York Aquarium Whitefish (C. clupeaformis) 
hatched January, 1913; died August 3, 1921. U. of M. Museum No. 54523; 
Male, 339 mm. long, 8 years, 6 months old. Scale shows 8 completed annuli 
anda marginal growth. X-16. 
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Fic. 142. Scale of New York Aquarium Whitefish (C. clupeaformis) ? 
hatched January, 1913; died January 3, 1922. U. of M. Museum No. 54531; 


Female, 347 mm. long, 9 years old. Scale shows 8 completed annuli and 
a marginal growth. X-19. 
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Figs. 138-142 are photomicrographs of scales taken from 
Aquarium fish killed at different ages. On each photograph refer- 
ence lines have been drawn which indicate the positions of the 
annuli of the different years. On comparing the scales of these 
aquarium whitefishes with those of the wild whitefish, it may 
be seen that the former are much stunted in growth; their circuli 
are more irregular and crowded together, while their annuli, in 
some instances, nearly come into contact in the posterior or 
exposed area of the scale. In some scales the annuli are difficult 
to observe, but by the use of various magnifications and by the 
manipulation of the light source they can be determined. In most 
of the fish several scales are necessary for an age-determination. 
I gradually discovered, however, that those aquarium scales 
whose caudal area is longer than its anterior area and whose 
form approaches the elliptical possess annuli that can be more 
readily determined than those of scales without these characters. 
Such scales were usually obtained from the area between the 
pectoral fin and the lateral line. Those photographed and em- 
ployed in this study were taken from the left side of the body. 


The first specimen died August 13, 1920, at the age of seven 
years and seven months. Its scales possessed seven annuli with 
a small amount of marginal growth. The number of annuli, 
thus, corresponded with the number of years of life of the indi- 
vidual. The next seven specimens received (54506 to 54512, 
Table I), which ranged from seven years and nine months to 
eight years and two months in age, also possessed scales with 
seven completed annuli and various amounts of marginal 
growth. Fig. 138 represents a photograph of a scale from the 
specimen killed December 1, 1920, and shows seven annuli with 
the eighth year increment at the margin. The eighth annulus is 
completed in April. Fig. 139, a photograph of a scale from the 
April specimen, shows the eighth annulus situated at the margin. 
In the remaining eighteen specimens (54514 to 54531, Table I), 
which ranged from eight years and four months to nine years 
in age, the eighth annulus is entirely removed from the margin 
and surrounded with various amounts of the ninth year incre- 
ment. Figures 140, 141 and 142 are photographs of scales from 
specimens that died July 13, 1921, August 3, 1921, and January 
- 3, 1922, respectively. Each figure shows eight annuli and, 
presumably, a completed ninth year’s growth. 

It thus appears (1) that the specimens received from 


August, 1920, to March, 1921, which represent ages from seven 
years and seven months to eight years and two months possessed 
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scales with seven annuli and various amounts of marginal growth 
and therefore belong to the same growth year, the eighth, even 
though the three fish received from February to March actually 
were in their ninth year of life; (2) that those received from 
April, 1921, to January, 1922, which vary from eight years and 
four months to nine years in age possessed scales with eight 
annuli and different amounts of marginal growth. 

The annuli are thus actually proved to be of the same num- 
ber as that of the winters of the fish’s life, if we exclude the first 
one in which the fish was hatched. 


MARGINAL GROWTH AND TIME OF FoRMATION OF ANNULI 


Two specimens of the aquarium fish were segregated in the 
New York Aquarium and kept living with the purpose of taking 
scales from them at monthly intervals in order to follow the sea- 
sonal changes in the scales from November until June. Owing 
to deaths a total of six fish was employed during this interim, 
three of which lived for periods of two, six and seven months. 
In Table II these fish are designated by names indicating slight 
physical peculiarities and by their museum numbers. The 
names should not be taken as indicating that the fish were notably 
deformed. They were the smaller, poorer fish, less desirable for 
exhibition purposes. Table II shows the average total length 
in mm. of the magnified scales taken from these fish in different 
months, the average total length in mm. of the marginal growth, 
the percentage of its length in the antero-posterior diameter of 
that part of the scale included in the last annulus, the difference 
in the percentages of successive months and the number of scales 
‘upon which each average is based. The percentages in this 
table are, however, only approximately correct as they vary with 
the areas on the body of the fish as well as with the scales taken 
from the same area. However, as all the scales, except those 
removed from the dead fish, have been taken from the same area, 
the variability of the scale values has been reduced to a mini- 
mum so that they may be used with confidence in drawing cer- 
tain conclusions. 

The discrepancy in the fall or winter percentages (which 
seem to show scale absorption) of Crooked-back and Open-gill 
are presumably due, then, to the variability of their scales. The 
small difference (+0.4) between the two winter percentages 
(8.6 and 9.0) of Double-crook which represent a period of two 
months, likewise may be looked upon as due to this same varia- 
bility and thus can have no significance. Presumably, then, the 
percentages in column v8/V7 or v9/V8 remain constant for 
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each fish during the fall and winter, 7. e., the marginal growth 
of the scales is arrested during the period from October to 
March. Marginal growth is resumed sometime in April (or 
March?). On April 26, 1921, the new marginal growth of 
Double-crook showed a percentage of 2.2, which value was in- 
creased to 7.4% on July 18, two and one-half months later. 
Similarly, Open-gill showed a new marginal growth of 7.0% on 
May 26, 1921, which percentage was increased to about 9.0 on 
June 25, one month later. The percentages of Double-crook and 
Open-gill are thus entirely consistent with and comparable to 
each other from April on and show that rapid scale growth is 
resumed sometime in April (or March?) and is continued at 
least until July. 


In order to show approximately by comparison how much of 
the new year’s growth was completed by Double-crook and Open- 
gill at the time of death, I computed percentages, similar to those 
of Table II for the preserved specimens listed in Table I. Table 
III shows in column v7/V6 the percentage of the scale increment 
of the seventh year in the total length of the scale included in 
the sixth annulus, in column v8/V7 the percentage of the scale 
increment of the eighth year in the total scale length included 
in the seventh annulus, and in column v8/V7 or v9/V8 the per- 
centage of the incomplete marginal growth of the eighth or ninth 
year in the total scale length included in the last completed 
annulus (7th. or 8th.). The average for each series is given at 
the bottom of each column. 


From this table it may be seen that the average percentage 
of the completed seventh year scale increment in the total scale 
length of the sixth year for 27 specimens is 8.9 and somewhat 
less, as is to be expected, for a similar percentage for the next 
year (7.6) for 19 fish. When these averages (8.9 and 7.6), 
which represent the completed seventh and eighth growth years 
are compared with the percentages of Double-crook and Open- 
gill (7.4 and 9.0) and when it is remembered that the percentage 
for the ninth year may reasonably be expected to be somewhat 
less than that for the eighth, it may safely be assumed that the . 
scales of the segregated fish have just about completed their 

ninth year’s growth and certainly would have done so by August 
‘or September. 

Tf we now assume that August closes the period of scale 
growth and compute the average of the percentages of the incom- 
plete ninth year from August to January and compare this 
average with those of the two preceding completed years and 
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with the percentages of the two segregated fish we may obtain 
a criterion which ascertains roughly the probability of the cor- 
rectness of our assumption relative to the time of the cessation 
of scale growth. Table III shows that such a ninth year average 
is 6.5%, which compares favorably with those of the two pre- 
ceding completed years (8.9 and 7.6), and may therefore be 
considered as representing the average of a completed ninth 
year. The ninth year average (6.5) thus suggests the comple- 
tion of scale growth by August not only in the fish of Table II 
(with 9th year percentages of 7.4 and 9.0), but also in those of 
Table I. Again, when the average of the percentages of the 
incomplete eighth year from August to March is compared with 
that of the completed eighth year, it is found that the former 
(5.8) compares fairly well with the latter (7.6) when it is 
remembered that the fish sacrificed first (included in the 5.8 
average) were the poorer and less valuable specimens. Thus 
again scale growth may presumably be considered complete by 
August. Also, Tables II and III show that the percentages of 
the incomplete eighth and ninth years show no consistent increase 
from August and October to April, while those of the ninth year 
from April to June or July do. 


In the light of the preceding discussion it now appears rea- 
sonable to accept the interpretation presented on page 391 rela- 
tive to the constancy of the fall and winter percentages given in 
Table II. 


Table III, column v8/V7 or v9/V8, further corroborates 
Table II and shows that marginal growth is resumed in April. 
All the fish killed after April, 1921, completed the new annulus 


and showed various amounts of new marginal growth on their 
scales. 


The percentages of Table II show, then, (1) that there was 
no marginal growth present in November and December of 1920, 
and in January, February and March(?) of 1921, and, (2) that 
a new annulus was recognizable in April, 1921, and was cor- ~ 
related with a resumption in scale growth. The percentages 
of Table III corroborate the conclusions based on Table II, and 
in addition show in conjunction with Table II that marginal 
growth was presumably arrested by August in 1920 and 1921, 
and certainly by September. The data of both tables (II and 
IIT) therefore prove that the annulus is a winter-mark due to a 
retardation or cessation of scale growth and is completed upon 
the resumption of rapid scale growth in the spring of the year. 
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Table IV—Showing for 76 Alpena whitefishes collected September, 
1917, the relation of the average length of the diameter (v), anterior (ac) 
and posterior (pc) radius of the scale to the average body length (K), all 
lengths expressed in mm., for fish in years III to VII inclusive.* 


Year III IV V VII 
sa a ee 269 (47) 315 (14) 352 (9) 456 (6) 
eee oe SE TST 47) 6.75 (14) 7.49 (9) 9.58 (6) 
oe SS ee 3.19 (47) 3.86 (14) 4.34 (9) 5.80 (6) 
Base Ee eS at CE 47) 2.89 (14) 3.15 (9) 3.78 (6) 
tS es Oe: 46.67 46.99 47.60 
K/ae ...... Cy oe Mans S488 81.61 81.11 78.62 
Bie Be, ere 105.08 108.99 111.75 120.63 


_*Numbers in parentheses following averages indicate the number of 
specimens employed; the sixth age-group contains only one specimen, there- 
fore, omitted. 

CORRELATION BETWEEN ANNUAL GROWTH IN LENGTH 
OF BODY AND SCALES 


It now remains to examine for the whitefish the correlation 
between the annual increment in length (or other dimension) of 
scales and length of body. Had it been possible to measure the 
body lengths of the living aquarium whitefish accurately at the 
time of the removal of their scales, this correlation could have 
been established by direct observation. Obviously, Table I does 
not afford material for this purpose as the number of specimens 
received each month is too small to warrant valid averages of 
monthly growth increments in body and scales. The available 
aquarium whitefish therefore cannot show the proportionate 
growth of body and scale. 


Wild whitefishes may be used to show this correlation. In 
this case it is necessary that a large amount of strictly homo- 
geneous material be used, 7. e., the fish of the several age-groups - 
must all belong to the same race and have similar rates of annual 
growth increments, and only scales from corresponding body 
areas must be employed. These requisites necessitate the acqui- 
sition of a large collection of fish taken at the same time and 
at the same locality. At present no such whitefish material is 
available. There are, however, at hand, series of body and scale 
length measurements of a small collection (76 fish) of Lake 
Huron whitefishes taken September, 1917, at Alpena, Mich. A 
summary of their data is given in Table IV. 

In row K, Table IV, is shown the average length in mm. of 
the fish of each age-group, the age-group referring to the year 
of life in which the fish were captured. The number of specimens 
in each age-group is shown in parenthesis. In row (v) is given 
the average length in mm. of the scale diameters of the fish of 
each age-group. In rows (ac) and (pc) the same averages are 


# 
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Table V—Showing for each year for Alpena whitefish (Table IV) in 
the seventh year the average length in mm. calculated from the diameter 
(v), anterior (ac) and posterior (pc) radius of scales (Table IV), and the 
difference between the calculated averages and those of the age-groups 
obtained from actual measurements (K). 


III IV V VII 
Ket 2 cd BU a ee 269 315 352 456 
Calculated (K) 
coh ae d=: ONE 2 et oe eee 274 321 357 
Caleulated (K) 
frome (aC)* eee ee eee 251 303 341 
Calculated (K) 
FLONINCDC) cca een eee 309 349 380 
Difference 
(Ka) 5 ee CKet ror \v;) eee eee +5 +6 a5 5 
Difference 
ChE a Ketromyac) a eee —18 —12 —l11 
Difference 
(Seca (Kea trome: pe) eee +40 +34 +28 


given for the anterior and posterior radius of the scale respec- 
tively. In the last three rows are shown the body-scale ratios for 
each age-group based on the diameter (v), anterior (ac) and 
posterior (pc) radius respectively. 


The number of fish in each age-group is not as large as one 
could wish, but may be sufficiently large to show roughly 
the relation of the length of the various scale dimensions to body 
length. It may then be seen that the K/V ratio is about the same 
for the third and fourth age-group and rises slightly in the fifth 
and again in the seventh. This means that the diameter increases 
in length in a simple proportion to the increase in the length of 
the body during the fourth year and increases at a slightly 
slower rate relative to the body in the fifth and seventh years 
and presumably also in the sixth for which no values can be 
given. The K/ac ratio is found to decrease with age, while the 
K/pe ratio increases with age. This means that the anterior 
radius of the scale grows faster relatively than the body with 
age, whereas the posterior radius grows more slowly with age. 
None of the measured scale dimensions therefore grow strictly 
proportionate to the body. 


In order to show roughly in a practical way which dimen- 
sion most nearly acquires this proportionate growth and fur- 
nishes the most accurate estimated length values, I calculated the 
average length for each year of the fish in the seventh year, using 
the average scale dimensions of Table IV. The estimated lengths 
are shown in Table V. From this table it may be seen that there 
is a high degree of correspondence between the lengths cal- 
culated from the diameter and the actual lengths, and that the 
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former are somewhat higher than the latter. The lengths cal- 
culated from the anterior radius are lower, while those calculated 
from the posterior radius are much higher than the actual 
lengths. It is, however, realized that these calculated and actual 
values may not be strictly comparable as the two series of values 
represent different year-classes which may have varied con- 
siderably in their rate of growth. Strictly, series of fish of the 
same year-class collected in the same season of different years 
and at the same locality are required for an absolutely valid 
check on calculated values. 


Table V also shows that the calculated values from diameters 
are consistently found between those based on the radii. This 
was also found to be true for the individual fish. Experience 
has shown that in practically every species of fish whose scales 
were studied the calculated values based on radii (no other 
dimension is ever used) and checked with the actual values were 
always found to be too low for the early years of life. The 
Coregonines prove to be no exception. In the light of past ex- 
perience therefore, and in view of the fact that diameter meas- 
urements of whitefish scales raise the calculated values, *espe- 
cially those for the earlier years, above those based on the an- 
terior radius, it may be deemed advisable to test the various 
dimensions of the scales, where possible, before undertaking any 
extensive scale work for a species. 


Tables IV and V show for the whitefish (1) that the 
diameter, anterior and posterior radius of ‘scales increase in 
length at very different rates with respect to the rate of increase 
in the length of the body and that consequently the calculated 
length values based on the different scale dimensions vary sig- 
nificantly, (2) that none of the three scale dimensions consid- 
ered increase in length at a rate strictly proportionate to the 
rate of increase in length of the fish, (8) that, presumably, the 
diameter of the scale increases in length at a rate more nearly 
proportionate to the rate of increase in body length than either 
the anterior or posterior radius and therefore should be used 
for the calculations of length values, and (4) that the calculated 
values based on the diameter always lie between those based on 
the anterior and posterior radii. 

LiFE HISTORY OF THE AQUARIUM WHITEFISH AND THE 

FACTORS OF ANNULI FORMATION 

In view of the great diversity of opinion among investiga- 
tors, and in view of the disagreement and contradiction of the 
conclusions reached by various authors from laboratory experi- 
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ments and field observations relative to the factors responsible 
for the formation of annuli, it was deemed advisable to obtain 
as complete a life history as possible of the New York Aquarium 
whitefishes and thus, perhaps, determine to a certain degree the 
relative significance of each environmental factor in the forma- 
tion of annuli. It is realized that these life history data are not 
equivalent to those of carefully planned and executed series of 
experiments in which only one factor of the environment is 
altered at one time and the results checked with those of a con- 
trol. Yet, it will be seen that experimental requirements are 
partly fulfilled for the fish were regularly supplied with food in 
amounts controlled by their appetites, while the temperatures 
varied from those of summer to those of winter and vice versa. 
And as the period of rapid scale growth and the time of the 
formation of an annulus are known the effect upon the scales 
of a change in a factor may be approximately ascertained. I 
am indebted to Miss Mellen and to Mr. Robert J. Lanier, who 
reared the whitefishes, for most of the life history data. I alone 
am responsible for the conclusions derived from them. 


It has now been proved (p. 394) that the formation and com- 
pletion of an annulus is dependent upon the retardation or cessa- 
tion and resumption of scale growth, and that scale and body 
growth are closely correlated; therefore, any factor that can 
affect the growth rate of the body may have primary signifi- 
cance in the formation of an annulus. But to hold such a factor 
responsible it must be established that a change in this factor 
occurred previous to or synchronously with the change in the 
rate of growth and that no resumption of rapid scale or body 
growth can occur until the change in the factor is reversed or 
its effectiveness lost. The primary factors may be different from 
year to year or even from season to season in the same year. 


(a) Foop 


The Aquarium whitefish were fed in about the same way 
throughout the year. Miss Mellen writes: “I have consulted 
our superintendent (Mr. Robert J. Lanier), who reared the 
whitefishes born in 19138, as to their food since hatching, and 
find that in early infancy they had the advantage of some live 
food, receiving first herring roe, next a few mosquito larvae, 
third, the fry of pike perch, which happened to be hatching at 
just the right time, although all would not take this food, as, 
unlike most fishes, they do not normally eat their own kind, and 
lastly, minced beef-heart. Feedings were very frequent during 
the first couple of years, after which they were fed daily on beef- 
heart. From 1915 to 1918 inclusive they were fed exclusively on 
beef-heart three times a week; and it is only since 1919 that they 
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have been fed with beef-heart exclusively three times a week in 
summer and beef-heart once, clam twice a week in winter.” 


_The amount of food, however, actually consumed by the fish 
varied somewhat with the seasons. In the earlier years when 
the fish were fed daily, Mr. Lanier gave them less food during 
January, February and March in spite of the fact that they were 
always ready to eat. During their third year an apparent change 
in their appetites occurred, so that thereafter they were fed 
only three times a week. Since this year (1915) it was also 
noticed that the fish ‘“‘did not eat quite as much during January, 
February and March,” though the number of feedings remained 
constant throughout the year. 


It is obvious that since the character of the food and the 
number of feedings remained constant summer and winter for 
several consecutive years these factors could not have altered 
the rate of scale or body growth. The amount of food, however, 
offered or taken by the fish, did vary with the season. How 
much the amounts varied is not known. In the fall of 1920 
this change in the amount of food could not have had any sig- 
nificance inasmuch as scale growth was arrested before Janu- 
ary, 1921, when this factor was first altered. In April, 1921, 
the rations were increased for the same reasons that they were 
decreased in January, viz.—a change in the appetites of the 
fish. It was previously shown that scale growth was resumed 
in March (?) or April (p. 398). It thus appears that food and 
growth are correlated in April, 1921, but in this case the former 
is presumably only of secondary importance. As nothing defi- 
nite is known about the distribution of growth in the other years 
of life of these fish, the relative significance of food as a factor 
in these years can only be conjectured and therefore requires no 
discussion here. 


(b) TEMPERATURE 


Table VI shows the monthly and yearly mean temperatures 
in degrees, Fahrenheit, of the fresh water entering the New 
York Aquarium, from 1913 to 1920, inclusive. As soon as the 
water reached a temperature of about 60°F (15.6°C) in the sum- 
mer, it was refrigerated and maintained at a temperature which 
varied from 54° to 57°F and averaged about 55°F (12.8°C), 
except during the summer of 1921, when the range was changed 
to 50° and 54°F, and the average reduced to about 52°F 
(11.1°C). The months in which the refrigerating plant was 
started and stopped are indicated by the letters r and s respect- 
ively in Table VI. In Fig. 143 are plotted a curve (T) based on 
the average monthly temperatures of Table VI and> growth 
curves of the scales of Double-crook (D) and Open-gill (O) 


“HA o8G PASVIIDAB JI UDYUM TZ6T JO 1BY1 Jdooxe ‘seuIUINS AIdAO * 


ey} JO soanzessduie} oyL 


&¢ 


&¢ 
&g 
LS 
0g 
6S 
&¢ 
bg 
gS 


SosvIOAV 
Ajre9 x 


~TojUy Joye M YSety Jo Soinyesodwey, uve AjreaxX pue ATYyyUoP Fo ‘qloyuory ey ‘saaa30p- 


S&P 


cv 
&V 
ag 
66 
cv 
ov 
&7 
87 


09d 


vg 


87g 
87g 
6G 
67 
8g 
87g 
vg 
89g 


“AON 


69 89 
9 L9 
§9 99 
S6¢ 99 
S8g V9 
§9 69 
€9 OL 
Sg9 OL 
G9 OL 
90 “deg 


‘I9JVM pd}BlaSlIjor 94} JO V9soy} JUOSeIded jou ¢ 


89. 


89 
L9 


v9 


G9 
69 
69 
TL 
TL 


sny 


Ayne 


uo 


eune 


‘OS4NOC “Lf “AA “IN Aq 


ef Gh 68 
1S © 7 ee 
wo Gh OOF 
99 WF, 6B 
og «=f 6S 
1ZG gh Ss 
igg. Lb | OF 
1gg Shh 
me) Ls, 


pari 


ce dy Poste 2d "ure 


VOAISNIOUL “OZET 0} ETGT Wozy 


AH 


= HHH O 


aae 


A eottH 


fs 


b 
G 


LT 
ot] 
i eat a 
Tha 


SO ei HS i i 
on 
v 
I 


oe ata 
(A Jp as 
Coot arco 
ote 
cco 


ff 


Fic. 148. Showing the relation between the rate of growth of the 
scales of Open-gill (O) and Double-crook (D) and the temperature (T) of 
the aquarium water. T-curve based on the average monthly temperatures 
of the refrigerated and non-refrigerated water shown in Table VI. O-curve 
based on the percentages of Table II, which represent the total scale growth 
of Open-gill from March, 1921, to June, 1921. D-curve based on the per- 
centages of Table II, which represent the total scale growth of Double- 
crook from March, 1921, to July, 1921. 
based on the percentages of Table II, which represent the 
renewed growth of the scale after March, 1921. The growth 
curves are only approximately correct as the scales of each fish 


were taken in alternate months. 


Fig. 143 shows that the curves of scale growth adhere very 
closely to the curve of temperature. No growth occurred during 
the period of low temperatures in January, February and March, 
and the greatest increase in growth took place at the time of 
the greatest rise in temperature in April and May. The maxi- 
mum temperatures were reached in May when the water was 
refrigerated and maintained throughout the summer at an 
average constant temperature of about 52°F. Scale growth, 
however, continued, at least in Open-gill, throughout June. Scale 
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growth therefore was not arrested by the temperatures of the 
refrigerated water. As these temperatures do not represent 
those of the water in the whitefish tanks, they may be a little 
too low, especially those of the non-refrigerated water. This, 
however, would not alter the general appearance of the tempera- 
ture curve nor the conclusions based on it. 


It is thus seen that scale growth and the temperature of the 
water are correlated in the spring of 1921, the latter presum- 
ably having primary significance. That a low temperature 1s 
here a primary factor in growth seems corroborated by the fact 
that a decrease in the amount of food consumed occurred syn- 
chronously with a decrease in temperature and an increase in 
food consumption with an increase in temperature. The effect 
of low temperatures upon the metabolism of the body is well 
stated by Dr. Fulton (1904),.who writes (p. 170): “Tempera- 
ture is active in modifying the rate of growth by acting directly 
upon the metabolism of the fish and also by affecting the rapidity 
of digestion. In very cold water the fishes give up feeding alto- 
gether, because the ferments upon which digestion depends do 
not act, or act very slowly, at low temperatures, and in fishes, 
as in other animals, appetite waits on digestion, and this is, on 
the other hand, correlated with the metabolism in the tissues. 
It has been shown by Krukenberg that the pepsine or analogous 
body in the stomach of fish acts as well at 20°C as at 40°C, at 
which, among mammals, digestion is most active, and that the 
rapidity of its action is closely related to temperature; and 
Knauthe and Zuntz have shown that the same thing applies to 
the metabolism in fish, the vital activities being more active in 
the higher temperature, as shown by the excretion of carbonic- 
acid gas and other products of metabolism.” 


But, as both food and temperature remained practically 
constant during the summer until November, what factor must 
then be held responsible for the arrest in scale growth in August 
or September? As the aquarium water is well aerated its gaseous 
content cannot be held responsible; nor could any probable 
changes in its mineral or salt content account for the decrease 
in growth. The only remaining variable is sexual maturity. 


(c) SEXUAL MATURITY AND SPAWNING 
Before attempting to describe the conditions of the ovaries 
and testes of the various New York Aquarium whitefishes at the 
time of death, it seems advisable to describe first the normal 
natural conditions of the sex organs as found in wild whitefishes 
of various ages. The following description is based on many 
specimens of Lake Huron whitefishes. 


In order to determine the sex of immature wild whitefishes 
the sex organs must be closely scrutinized often with the aid of 
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a magnifying lens or microscope. This difficulty of determina- 
tion is due to the fact that the ovaries and testes are quite 
similar Im appearance in the very young whitefishes. Both con- 
sist of narrow, thin, flat strands of soft, whitish material and 
extend from the anterior to the posterior end of the body cavity 
along its dorsal wall. In the larger immature fish the two kinds 
of sex organs can be distinguished by their structure. When an 
ovary is picked up and stretched transverse folds or layers 
become evident, while the testis under like treatment appears 
to be a compact homogeneous structure. In still older fish color 
may also be critical; the ovary becomes yellowish, while the 
testis retains its whitish color. 


In a maturing female the ovary gradually increases in size, 
the enlargement beginning at the anterior end of the body cavity. 
_ Minute round yellowish eggs appear in the ovary folds. At the 
time of spawning the ovaries have usually enlarged to such 
extent as to distend and fill the entire body cavity. The con- 
dition of the ovary and the size of the eggs thus indicate the 
stage of sexual maturity in the female. A ripe egg is about 
3 mm. in diameter. The maturing testis also increases in size, 
the enlargement commencing at the anterior end of the body 
cavity. As the testes grow they extend further into the abdom- 
inal cavity and increase in width and thickness. At the time of 
spawning they nearly fill the body cavity, but usually do not 
distend it, as do the ovaries. The size of the testes is then a 
rough index to sexual maturity in the male. When the eggs 
and sperm are ripe they are easily pressed out of the body. The 
sex organs of a spent fish are soft and flaccid. This condition 
is more easily determined for females than for males, and even 
among the former doubtful cases arise, the magnitude of the 
doubt depending partly, I presume, upon the length of the 
interim between the spawning and the date of the capture of 
the fish. 


In describing the various conditions of the sex organs of the 
New York Aquarium whitefishes I devised a number of phases, 
each phase indicating rather definite conditions. As the indi- 
viduals represent nearly every month of the year the conditions 
‘of their sex organs intergrade more or less imperceptibly, and 
it is therefore impossible always to refer a Specimen to one 
phase; parts of different phases may be found in one individual. 
The ovaries alone permit of a rather definite classification and 
~ they only must be considered reliable in a discussion. 

The various stages of development* are considered under 
five principal phases designated by the letters A, B, C, D and E 
as follows: 


3These descriptions are based on the sex organs of the Aquarium fish 
preserved in 5% formalin and later transferred to 710% ethyl alcohol. 
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:9—-anterior 14 of ovary enlarged; eggs microscopic or 


very small in size. 
4—anterior 14, of testis enlarged into a flat, white gland; 
remainder transparent. 


:?—anterior 14 of ovary enlarged; ovary flat, rigid, 34, 


in. at its widest; eggs of year are round, whitish, 

easily visible to naked eye, 1 mm. or less in diameter. 
4 —anterior 14 of testis enlarged; compact gland thicker 

and wider than in (E), about 14 in. at its widest. 


: 9 —entire ovary enlarged; eggs 1-2 mm. in diameter. 


¢—anterior 34, and posterior end of testis enlarged, 14 
in. at its widest. 


:9—compact ovaries fill body cavity; yellowish eggs 


nearly ripe, 2-3 mm. in diameter; fish about ready to 
spawn; body may be pearled. 

é—hard testes fill body cavity; fish about ready to 
spawn; body may be pearled. 


:?—matured eggs retained and in process of absorption. 


Coincident with this condition is that of (E) or (D), 
i. e., eggs of the year are evident. Ovaries may be 
soft, flaccid; retained eggs found either in ovary, in 
body cavity or in both; eggs average 3 mm. in 
diameter when round and smooth; eggs are found in 
various conditions, several of. which may be found 
in one individual; these conditions are designated by 
number under (A): 

1. Eggs hard, round, smooth; each egg partly turned 
a brownish yellow. 

2. Eggs wrinkled, indented, of brownish yellow 
color; float in water. 

3. Eggs wrinkled, indented, peripheral portion of 
each egg of a dull or dirty transparency; float in 
water. 

4. Eggs flattened, crushed, sometimes a little brown 
color left; contents absorbed. 

5. Eggs with dark reddish color, and a solid, glassy 
appearance; filled with minute oil globules; eggs — 
about 1 mm. in diameter and scattered among 
the eggs of the year in a soft ovary; glassy eggs 
show no evidence of absorption. 

6. Ovary soft, flaccid with many eggs of the year, 
but no retained eggs evident. 

é —testes smaller than in (B) ; flabby, i. e., fish spent, or 
testes compact, of reddish color with sex products 


seemingly retained and undergoing absorption; body 
may be pearled. 


(G3)0 + (92) a 
(11)O 
(st ‘) a 


(82 ‘L6)0 © (86 “22) @ 
suoN 


aUuoN 


(82) @ 
ouoN 


ouoN 
(§)V 100 


YsIppet 
$o31Ss0} ‘pejaved AyTIAvoy 


Spoq (02)V ‘(1)ad 
ouON 


Sole W 


suo N 
Sdd0 poulejel Ou ‘plodVy Selqtvao (gT)-q9V 

Ajtavo Apod pu’ Solivao UI ‘snosJowunuU S8Se pouteyor (g) + Qe-p-ey ! (cz) qa 
8399 PeTYUlIM ou “yJos Areao (ET) GV ‘(8Zz) a 


89009 dIL0[]Ad suowe 
seuo peqiosqe Apj1ed Moy puw SolIeAO UI S839 palTyUIIMm mez (CGZ)-GP-ZV 


AYIABO Apoq Ur ‘SnoteuInU Sdd0 poulejel (8Z)-azZVv 
ouoN 
Aytaeva Apog ul sso pousiey 
‘Zop % (8¢)-arV ‘Aytavo Apoq ul ‘snodownu s3Zea pouteyet (F)-qey 
euON 
Aytaed Apoq ut 
Ay}SOUL ‘SNoLeUNU S830 pouleyel (8Z)-Cg-Z-1V {pepue}sIp uswuopqe ‘(sq 
Aytaeo Apog pure 
AIvAO Ul S889 poulejyoL Snoroeunu (0) AP-Z-TV ‘{pe[tved efounped *(0Z) 4 


ouoN 


So[eule,T 


129q04909 
taquieydes 
qsnsny 
A[ng 


eune 
Ae 
Indy 


YoieyAl 
Azeniqe,q 


Arenue ep 
Taquiedeq 
IoquiaaoN 


yuo 


‘T AqVy ea8 OSTY “gop osed ves srequinu pue S10qj0[ JO UOT}eURTdxe 
JOT “YSyouyM wntrenby oy} ul jueutdojeaep [enxas Jo seseyd oy} Jo owl, UI UOTINGIIYSIp SULMOYS—ITA eIqQeY, 


405 


406 Zoologica: N. Y. Zoological Society [ITsay 


The distribution of these phases in time among the aqua- 
rium whitefishes is indicated in Table VII. The number in 
parenthesis following each phase refers to the day of the month 
on which the specimen died. Each such number represents one 
individual. The minus or plus sign following a letter indicates 
an early or a late phase respectively. Two or more phases in 
one individual are designated by a combination of the proper 
letters. The phase of each specimen is also shown in Table I. 


Table VII shows (1) that no immature female whitefish 
were received, (2) that two females were ready to spawn in 
December and January, (3) that retained eggs were present 
from December to August (no females were received in Feb- 
ruary, April, October and November), but that after January. all 
the retained eggs, the glassy ones excepted, were undergoing 
absorption or disintegration, (4) that the eggs of the year, 
whether found with the retained eggs or not, were in the same 
phase of development from January to September, those of fish 
received July and later being a little more advanced than those 
of females received before July, and (5) that the ovaries of the 
specimens that died July 13 and September 18 were soft, but 
did not contain wrinkled eggs. 


From these facts we conclude, (1) that the Aquarium 
whitefish were sexually mature in both their eighth and ninth 
years, (2) that in most fish spawning conditions were present 
in December and January and thus that the sex products of the 
Aquarium whitefish ripen later in the season than those of the 
wild whitefishes which usually spawn sometime in November 
and (or) early December, and (8) that the majority of the 
Aquarium whitefish do not spawn, but retain their eggs in the 
ovaries or in the body cavity where they undergo a process of 
absorption or disintegration. From the condition of the eggs 
of the year and of those undergoing disintegration in different 
months, it appears highly probable that the phase of rapid 
growth is initiated in the eggs sometime after September and 
completed sometime before March or February (?). The con- 
clusion that the aquarium whitefish do not spawn agrees with 
the statements of Mr. Lanier to the effect that no spawning was 
ever observed among these fish. It may also be observed here 
that sexual maturity is not correlated with the size of the white- 
fish, but rather with its age. Thus, for instance, in Table I the 
eight and nine-year-old females of J anuary 28 and May 28, which 
measure 219 mm. and 210 mm. respectively, are no larger than 
a two-year-old whitefish from Lake Huron; yet, no two-year-old 
whitefish has ever been known to spawn. : 


That sexual maturity can be a factor in the formation of 
-annuli becomes evident when it ‘is recalled that many species of 
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fish, especially the salmon to which the whitefish are related, 
practically cease growing when developing a spawning condi- 
tion, even though the amount of food ingested remains prac- 
tically constant. It is also a fairly well established fact for 
many species that the annual increments in body growth of the 
young fishes are very noticeably reduced in that year when 
sexual maturity first occurs. Since it was found that the sex 
products of the Aquarium whitefish began their development 
after June, entered the phase of rapid growth sometime after 
September and completed this phase sometime before March or 
February(?) sexual maturity could account for the cessation in 
body and scale growth in August or September. Sexual ma- 
turity would then be a primary factor in the formation of annuli 
in the adults. 


It has thus far been shown that the scales of the Aquarium 
whitefish ceased growing sometime in August or September and 
resumed growth in April or March(?), that sexual maturity was 
reached sometime between September and March or Febru- 
ary(?), that the lowest temperatures of the aquarium water 
occurred in January to March inclusive, and that the amount of 
food required by the fish was less for the months of January to 
March inclusive than for the other months of the year. It was 
suggested that food could only have had secondary significance 
in the formation of annuli since the reduction of food was caused 
by some other factor which affected the appetite of the fish. It 
was further suggested that since reduction and increase in food 
consumption occurred synchronously with the decrease and in- 
crease in temperature respectively, and since the scales resumed 
their growth at the time of a rise in temperature in April, when 
sexual maturity could have had no influence on growth, tem- 
perature must be considered a primary factor in the formation 
of annuli. Lastly, since the sex products began their develop- 
ment at approximately the same time when a retardation or ces- 
sation of scale growth occurred in late summer, when the environ- 
mental factors of food and temperature were known to have been 
constant, it appears reasonable to assert that sexual maturity 
is also a primary factor in the formation of annuli in scales. If 
sexual maturity is not such a factor, then it must be conceded 
that the retardation or cessation of scale or body growth, and 
consequently the formation of annuli, is caused by some unknown 
physiological factor or factors of annual recurrence. 


The year of life in which sexual maturity first occurred can 
only be conjectured. The break in the growth curve (a) of 
Fig. 144, which represents the average annual increments of the 
Aquarium whitefish, suggests that most of _these fish attained 
sexual maturity in the third year of life. This suggestion agrees 
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with the statements of Evermann and Smith (1896, p. 300) and 
the U. S. Fish Manual (1903, p. 110) to the effect that the white- 
fish reach sexual maturity in the third or fourth year; and with 
the statement on p. 120 of the Fish Manual where it is asserted 
that three-year-old whitefish artificially reared in the hatchery 
at Northville, Mich., yielded a large number of eggs, a fair per- 
centage of which were fertilized. My data on the wild white- 
fishes indicate that sexual maturity may be attained in the fifth 
and sixth years by whitefishes from Lake Huron proper and in 
the fourth year by those of the North Channel and Georgian 
Bay; but, an overwhelming majority of the available individuals 
of these years and localities appear to be immature. The wild 
whitefishes perhaps attain sexual maturity for the first time at 
an older age than has previously been assumed, or the first year 
of spawning may vary with the locality. 


The attainment of sexual maturity in the third year by the 
Aquarium fish would also account for the apparent change in 
their appetite in the third winter of life. With sexual maturity 
eliminated, food and temperature must have been the only en- 
vironmental factors of growth in the first two years of life. 
Temperature did not seem to impede the metabolism of the body 
very seriously as the young fish were always ready to eat. 
Restriction in food must then have been the principal factor in 
the formation of annuli in the first two years of life. 


(d) ANNUAL RATE OF GROWTH 

The lengths in millimeters attained by each Aquarium fish 
at the end of each winter of life (K,, K,, etc.), and the annual 
growth increments in mm. of each year (k.,, k,, etc.) are shown 
in Table I. These values were obtained by the method described 
on pp. 385 and 386 and the formula given on p. 383 from the 
diameter of scales. The average length and increment for each 
year is given at the bottom of the respective column. Below the 
calculated averages are shown corresponding averages of actual 
measurements of 238 Lake Huron whitefish taken at different 
localities in the fall of 1917 and 1919. In Fig. 144 are shown four 
growth curves based on the averages of Table I. Curve (a) 
represents the annual growth increments of the New York 
Aquarium whitefish, while curve (b) represents those of the 
Lake Huron whitefish. Curve (c) shows the total length 
reached by the aquarium fish at the end of each winter of life, 
while curve (d) shows the same thing for the Lake Huron fish. 

From curves (c) and (d) it is at once evident that the 
Aquarium whitefish have been greatly retarded in growth. 
Knowing the limitations of their food and swimming space re- 
tarded growth is to be expected. Curves (a) and (b) show that 
in no year did the Aquarium fish attain the rate of growth of 
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Fig. 144. Showing growth curves which represent the average total 
length in mm. attained at the end of each winter of life by the Lake Huron 
Whitefish (d) and the New York Aquarium Whitefish (c), and the average 
annual growth increments in mm. of each year of life of the Lake Huron 
Whitefish (b) and the New York Aquarium Whitefish (a). All curves are 
based on the averages of Table I. 


the wild fish and that the greatest retardation in the growth of 
the Aquarium fish occurred in the first year of life. After the 
second year the annual growth increments were much reduced, 
ba nearly constant to the eighth year in both series 
of fish. 

The validity of the scale method is sometimes questioned 
because of the great range in the extreme lengths of the speci- 
mens placed by it in the same age group. This criticism is 
wholly refuted in column K, Table I. Specimens 54509 and 
54510 of the same age and with the year’s growth completed 
measure 219 and 334 mm. respectively, showing a difference in 
length of 115 mm., while specimen 54514, several months older 
than the two just mentioned, measures 9 mm. less than the first. 


SUMMARY. 


1. Scales were examined from whitefish hatched January, 
1913, from eggs from the Put-in-Bay hatchery and reared 
in the New York Aquarium. The scales studied were re- 
moved from fish that were in their eighth and ninth year | 
of life. 
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The annuli in the scales of the Aquarium whitefish are of 
the same number as that of the winters of the fish’s life, 
the first one in which the fish were hatched excluded. The 
age of whitefish may therefore be determined from their 
scales. 

The annuli in the scales of the Aquarium whitefish are 
winter-marks formed by the retardation or cessation of 
scale growth in late summer and winter and completed by 
the resumption of scale growth in the spring of the year. 
The different dimensions (diameter, anterior and posterior 
radius) of whitefish scales grow at very different rates 
with respect to the rate of growth of the body and conse- 
quently the lengths and growth increments calculated from 
these dimensions vary significantly. 

The anterior radius of the whitefish scale grows relatively 
faster than the body and consequently the lengths calculated 
from it are too low. 

The posterior radius of the whitefish scale grows relatively 
much more slowly than the body and consequently the 
lengths calculated from it are much too high. 

The diameter of the whitefish scale, on the whole, grows 
relatively only a little more slowly than the body and con- 
sequently the lengths calculated from it are only a little 
too high. 

The lengths calculated from diameters are always higher 
than those calculated from anterior radii and lower than 
those calculated from posterior radii. 

The diameter of scales seems to be a better basis for the 
length calculations of whitefish than the anterior radius 
which has nearly always been used in the past for many 
species of fish. 

A rather complete life history of the New York Aquarium 
whitefish is given, which includes a statement as to the 
character of the food consumed, the number of feedings, 
the changes in the amount of food consumed, the tempera- 
ture of the water in different months of different years, 
sexual maturity, spawning and the rate of body growth. 
The rate of body growth of the Aquarium fish is compared 
with that of Lake Huron whitefish. The significance of 
each of the above life history facts, rate of growth ex- 
cepted, as a factor in the formation of annuli, is discussed. 
Food is only a secondary factor in the formation of annuli 


‘in the adults studied, but-may have been a primary factor 


in the immature fish. 


Temperature appears to be a primary factor in the forma- 


tion of annuli in the adults, but only a secondary one in the 
immature fish. 
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18. Sexual maturity appears to be a primary factor in the for- 
mation of annuli in the adults. 


14. The method employed in the study of the scales of the 
Aquarium whitefish differs somewhat from those described 
and used by other investigators. The method and the ap- 
paratus used are therefore briefly described. 
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